ABSTRACT It is important that precise positioning and navigation of underground personnel for intelligent hedging and mine rescue in mine accidents or disasters. At present, there are many passive positioning methods such as RFID, Zigbee and other positioning products in the underground, which cannot work normally while there is power supply interruption or signal interruption in the underground. GRPM is a new active underground positioning method combining radio frequency identification and geomagnetic matching technology, which the positioning accuracy reach to the sub-meter level when the miner with the GRPM device in the underground. Geomagnetic matching algorithm is the core technology of GRPM, and its performance directly affects the accuracy of the geomagnetic positioning. For the MSD, MAD and PORD matching algorithms have low precision in geomagnetic matching localization; it is proposed a novel matching algorithm named MPMD to achieve underground geomagnetic precise positioning in this paper which is an optimal estimation of the eigenvector product of underground two magnetic variables. The matching test of underground geomagnetic positioning for the performance of MPMD algorithm was carried out in 9 tunnels about 150 meters long and 6 meters wide in mine. The geomagnetic data of the total magnetic field and the three axis component are measured with the portable FVM400 fluxgate magnetometer. MSD, MAD and MPMD algorithms were used to matching test for analyzed their effective matching length, positioning error, noise immunity. The test result shows that the MPMD algorithm has the advantages of minimum matching position error and better noise immunity than MSD, MAD matching algorithms under the same experimental conditions. It is suitable for the complications of underground geomagnetic spatial distribution, and meets the requirements of underground emergency refuge and navigation. However, matching process of MPMD algorithm is time-consuming, it can be further improved the search space and search strategy in later research.
I. INTRODUCTION
There are RFID, Zigbee, TOA, UWB positioning methods and products in mine in recent years, which have been applied in the underground production management and safety supervision. The application of RFID technology in underground mine is mainly regional positioning. It can determine which tunnel the underground personnel are in. Its positioning accuThe associate editor coordinating the review of this article and approving it for publication was Francesco Piccialli.
racy is related to the density of REID reader. Although RFID is the most widely used in mine, but its positioning precision is too low about ten meters, and there is a blind area for positioning. The result of Zigbee positioning is calculated by means of communication network. Its theoretical positioning accuracy is about 2 meters. If the communication network is unstable, its positioning results will be significantly deviated. It is reported that the theoretical positioning accuracy of the latest UWB technology can reach centimeter level, which is mainly used for the positioning of mechanical equipment in VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ local working plane. It is not suitable for personnel positioning in large area because of the high cost of hardware. Geomagnetic positioning technology is a new positioning method, which has been widely used to initial positioning in large area in the last few decades, such as submarine navigation, aircraft navigation, missile guidance, near-earth satellite orbit determination. In recent years, geomagnetic positioning technology has been applied civil positioning like indoor positioning, underground parking positioning, mine positioning and more.
A. RELATED WORKS
In some studies [1] - [6] , the authors proposed some the underground positioning method; Feng et al. [1] used the Internet of things (IoT) technology to achieve the networking construction of underground nodes in the research of underground personnel positioning system. Han et al. [2] studied a weighted centroid location algorithm based on RSSI. Tian et al. [3] introduced the algorithm of locating underground personnel and vehicles using linear wireless sensor network nodes in coal mine. With people's demand for application and accuracy of underground positioning, some authors have carried out experiments to study how to combine positioning technology in underground to achieve higher accuracy of personnel positioning. The Laser Strapdown Inertial navigation system developed by Feng et al. [4] can keep the positioning accuracy within 8 m by underground positioning experiment. Zhang [5] used WiFi communication technology to carry out the test of underground positioning method. Guo [6] combined RFID with ZigBee technology to carry out the research of underground positioning. These research positioning methods improve the positioning accuracy of underground personnel to a certain extent, but there are some shortcomings. On the one hand, these positioning methods are passive positioning. The positioning results are only known by managers, not by underground personnel. On the other hand, the positioning process needs communication network and power supply, which relies too much on the power supply network, but it cannot work normally when there is a sudden situation in the underground. In some other studies [7] - [9] , the authors have carried out positioning experiments in indoor, underground engineering by using geomagnetic technology. The results show that the positioning accuracy of this method is unstable and susceptible to interference. It is necessary to study the adaptive evaluation method and innovative geomagnetic matching algorithm to improve the positioning accuracy. The matching algorithm is the key of geomagnetic positioning [10] - [15] , its performance directly affects the accuracy of the geomagnetic positioning. Correlation metric matching is the major part of the matching algorithms, and it is composed of two parts: emphasize the degree of similarity or differences between the measurement sequence and the matching sequence. The common correlation metric matching algorithms are COR, CC, MSD, MAD, PORD and Hausdorff distance. PORD, MAD and MSD are studied by simulations and other experiments, which is found that the accuracy of PORD matching result in certain conditions is better than MSD and MAD [16] ; and the matching accuracy is effected by the shortcoming of the matching algorithms. For example, MSD and MAD algorithm can produce good matching result without noise and data length, and the Hausdorff algorithm is greatly affected by noise.
There has been much progress in geomagnetic matching algorithm to improve the matching accuracy. Zhao et al. [17] proposed a new matching criterion based on the Hausdorff distance is used in the TERCOM algorithm to improve the accuracy and precision of underwater geomagnetic matching navigation. Yi Lin studied the Hausdorff-based RC and IESIL combined positioning algorithm for underwater geomagnetic navigation, and the efficiency and accuracy of the combination algorithm are relatively satisfactory in some circumstances [18] . Recently, some methods were proposed for geomagnetic characteristic such as information entropy and geomagnetic difference entropy and studied the contour constraint based geomagnetic matching method [19] , [20] . Liu et al. [21] proposed an improved correlation matching method based on the contour constraint to reduce the limit error accumulation of the INS. Then, Li et al. [22] proposed using the total geomagnetic gradient as characteristic to present the geomagnetic matching positioning. Hu and Wu [23] combine of batch correlation technology and Kalman filtering to improve the matching accuracy.
Overall, these improved algorithms extend the thoughts of the TERCOM correlation matching algorithm, mainly about the one dimensional matching of the total geomagnetic field, the geomagnetic characteristics have a great effect on the performance of the matching algorithm, and the matching result is better in the area which has obvious geomagnetic characteristics [24] . Moreover, the matching algorithms are mainly applied in the large area of submarine navigation, aircraft navigation, missile guidance and more, it can't better used to the small areas and underground geomagnetic which with complex varies. Therefore a new two variable matching algorithm which is named MPMD is proposed to achieve underground geomagnetic positioning in this paper, compared with the existing matching algorithm, it increases the matching dimension, and uses the minimum product of the space vector product and the Euclidean distance as the estimation rule.
B. ORGANIZATION
This paper mainly studies the performance of MPMD algorithm, the results of the simulation experiments show that the MPMD algorithm can adapt to the complex characteristics of the underground geomagnetic variation, and it has high matching accuracy and robustness, which can meet the requirements of underground geomagnetic positioning. The rest of this paper is organized as follows. In Section 2, mainly introduce the characteristics of underground geomagnetism and the mathematical formula of MPMD algorithm. The experimental method and the source of experimental data are introduced in detail in Section 3. Section 4 gives the matching results of the experiment in the tunnels with different matching algorithms. Finally, some conclusions are drawn in Section 5.
II. GEOMAGNETIC MATCHING AND POSITION

A. CHARACTERSTICS OF UNDERGROUND GEOMAGNETIC
The geomagnetic field is mainly composed of geomagnetic stable field and anomalous geomagnetic field in some area. The geomagnetic stable field is a major component, as much as 95% of a geomagnetic measurement. There is no obvious changes of the geomagnetic stable field in a mine, for its area is too small, generally not exceed dozens of square kilometers. The underground geomagnetic positioning is only according to the geomagnetic anomalous field in mine. The characteristics of underground geomagnetic distribution were discovered through extensive experiments: (1) the spatial variation of underground magnetic anomaly field is complex. The geomagnetic change is obvious in some tunnel, where the geomagnetic difference increases sharply to 10000Nt only a few meters apart. But the geomagnetic variation is small in some places as shown in Figure 1 , this is the spatial variation curve of the total magnetic field in four tunnels. From the graph, it can be seen that the fluctuation of the total magnetic field value in H1 is the most obvious, and the variation range is about tens of thousands of nT. The total magnetic field value in H2 has no obvious change, but there are obvious jump changes in several places, about 10,000 nT; while there are almost no obvious changes in H3 and H0čwhere the geomagnetic difference of the 80 meter whole roadway fluctuates within 5000nT.
(2) The actual geomagnetic measurements at any point in space will be affected by many factors, and its value will be disturbed by diurnal variations, magnetic storms, electromechanical facilities, etc. which shows that the geomagnetic measurements at the same point will have some differences at different time, showing some irregular fluctuations. The underground geomagnetic difference varies with space and time, shows that the observation value fluctuates around a certain value. The values of these variations are sometimes tens of nanometers, sometimes hundreds of nanometers. That is to say, when geomagnetic data are measured, the data may contain hundreds of nanometers of random noise. Figure 2 shows the 24-hour variation curve of the geomagnetic measurements at one point in three solar days. It can be seen that the geomagnetic measurements have some changes with time, and have little fluctuation, about 100 nanometers or less.
(3) Sometimes there are several similar sections of geomagnetic variation in the same roadway as shown in Figure 3 . It can be seen that the variation of geomagnetic total field is similar in M1, M2, and M3 sections. However, there is no similar section considering both the total magnetic field and the variation of Z magnetic component in this tunnel.
In general, if the matching model in the underground geomagnetic positioning is optimized from one parameter matching to two parameters matching, the accuracy of matching results will be improved. The law of the spatial distribution of geomagnetic field can be better applied. 
B. GRPM POSITIONING METHOD
GRPM (Geomagnetic and RFID combined Positioning Method) is a new underground positioning method combined with geomagnetic matching and label recognition technology aiming at the shortcomings of the existing underground positioning methods, it based on the need of high precision positioning and autonomous navigation of the underground Internet of Things. The key technologies of GRPM positioning method can be divided into two parts: one is radio frequency identification technology, and the other is geomagnetic matching technology, as shown in fig.4 . The precise positioning of GRPM requires two kinds of devices, RFID and geomagnetic detector, to collect some basic positioning data. First, RFID technology is used to achieve rough positioning and determine which tunnel the personnel are in, and the geomagnetic sensor like FVM400 is collected and recorded the real-time magnetic sequence of personnel trace. Second, call the underground spatial database and the geomagnetic reference database according the rough position. Last, precise positioning is achieved by matching calculation between the measured geomagnetic sequence and the geomagnetic reference database, which help for the underground personnel navigation after the emergency or disaster.
There are two steps in the positioning process of GRPM, the first step is rough positioning of RFID tag, and the second step is precise positioning of magnetic matching. When the personnel enter the underground tunnel as shown in Fig 5. The radiation field of the GRPM device can activate the tag attached to the tunnel and indirectly obtain the rough coordinates of the tunnel's position, the flux gate in the GRPM device can record the magnetic vector of the personnel's path in real time; the first accurate position of the underground personnel can be estimated after calculating the correlation between the magnetic measurement vector and the reference data by using the matching algorithm, then the underground personnel continue to move forward, the new geomagnetic sequences is collected, geomagnetic matched again, and the second accurate position of the underground personnel are estimated. At the same time we can check whether the last matching result and this matching result are on the same path, and so on.
GRPM positioning mainly relies on natural geomagnetic field as the main information source. It is relatively independent, and is not easily restricted by underground network and power supply. Everyone can independently rely on GRPM positioning device to complete positioning, and is not easily disturbed. It can be used as an extension and supplement of the existing positioning system in mine, effectively improving the management efficiency of operators and ensuring the safety of personnel. When the communication network of underground engineering is unstable or interrupted, or when the power supply is interrupted, the personnel of underground engineering can still use GRPM positioning device to complete positioning, and use the intelligent platform APP of the device to assist in inquiring various emergency facilities and other contents. Combining with the visual interface of the device, we can query our current location information, the information of the surrounding hedge facilities and the optimal path. Search and rescue personnel use GRPM technology to locate and navigate independently, help search and rescue trapped people, and improve the efficiency of rescue and disaster relief and safety rescue.
The positioning accuracy of GRPM will be affected by many factors, such as the adaptability of geomagnetic spatial distribution in tunnel, the sensitivity of geomagnetic sensors in GRPM devices, the measurement of magnetic noise and the performance of matching algorithm. In this paper, the accuracy of GRPM positioning is analyzed from the underground geomagnetic matching algorithm model.
C. MPMD MATCHING FOR GRPM
Geomagnetic matching is essentially a data association problem, and its algorithm is the matching calculation between measured geomagnetic sequence and geomagnetic map. At present, most of the geomagnetic positioning matching algorithms are TERCOM correlation algorithm, which means that the measured data accumulate for a period of time to form a geomagnetic sequence, and the correlation calculation with the reference geomagnetic map to achieve positioning. The commonly used algorithms are MSD, MAD, Hausdorff and other algorithms, which are one-dimensional related matching algorithms.
For example, MAD (Mean Absolute Differences), MSD (Mean Square Differences) matching algorithm are applied in image matching, terrain-aided navigation and image similarity measurement and more. They are relatively simple and Formula (1), Formula (2) are the mathematical relations.
where, Z mea l is the geomagnetic measurement sequence by magnetic sensors in the real-time. Z map ij,l is the reference geomagnetic sequence extracted from geomagnetic map.
L is the matching length of the matching sequence. Generally, the matching results of MAD and MSD algorithms have higher accuracy in the case of no noise interference, which can meet the requirements of geomagnetic matching positioning in mine. However, when there is large noise interference in the measured geomagnetic sequence, the matching results of MAD and MSD will appear a large number of false fixed positioning because of their poor antinoise performance.
It is proposed a novel matching model named MPMD algorithms (Multi-Parameter Matching Model of Least Magnetic Distance) based on the GRPM positioning technology, which has high matching accuracy and good anti-noise performance.
As shown in Figure 6 GRPM device can delineate the tunnel ID where the personnel according to the information of the radio frequency identification of the tunnel tag, and can load the corresponding magnetic database. Geomagnetic matching is the correlation calculation between measured geomagnetic sequence and tunnel magnetic database. The matching data includes magnetic total field and XYZ triaxial magnetic component. In order to optimize the geomagnetic vector, MPMD algorithm needs to evaluate the suitability of the geomagnetic spatial distribution of the three-axis magnetic component of XYZ, and select the best suitability magnetic component of the three-axis magnetic component of XYZ as the matching M component. MPMD matching process is the optimal estimation of the space vector product VOLUME 7, 2019 FIGURE 6. MPMD matching for GRPM.
of the total magnetic field and the M magnetic component between the geomagnetic measurement sequence and the geomagnetic magnetic database. The reference point coordinates of the geomagnetic sequence corresponding to the minimum estimation result of vector product are precise coordinates calculated by geomagnetic positioning.
III. MPMD MATCHING IN UNDERGROUND A. MPMD ALGORITHM
The MPMD algorithm is the two variable matching algorithm which is an optimal estimation of the underground magnetic eigenvector product, the mathematical relations are formula (3) , and the initial coordinates of matching is the information of electronic tags in tunnel which is get by portable positioning device on the mining personnel.
(a, b)
where G is the matching uncertainty domain range of tunnel tag delineation.
The initial coordinates of the moving object S is sign (i, j). S(i,j) is the trajectory be matched, it is a vector and consists of multiple point ; When a underground personal goes from point A to point B, he passes through several points A, 1, 2, 3, 4. B. Then S (I, j) = [A, 1, 2, 3, 4... B] . R S(i,j) is the base vector of the total geomagnetic field corresponding to the trajectory S(i,j)to be matched, and the starting point is point (i,j); R M is one of the measurement vector of the total geomagnetic fields corresponding to the trajectory S(i,j) to be matched.
M is the best magnetic component of X magnetic component, Y magnetic component and Z magnetic component;
The
base vector of M magnetic component is sign M S(i,j). The measurement vector of M magnetic component can be sign M M .
The matching length is sign L. The starting point of the optimal estimation of MPMD is sign (a,b), which usually be taken 2-3 times after check, rectify or compensate.
B. MATCHING PARAMETERS OF MPMD ALGORITHM
The performance of MPMD matching will be affected by factors such as the uncertainty domain range, sampling frequency, the grid interval and the matching length.
1) THE UNCERTAINTY DOMAIN
The uncertainty domain refers to the search space in the geomagnetic matching. The uncertain domain should not be too big in principle. Firstly, the uncertainty domain is generally the larger, the probability of the actual measurement sequence falling into the uncertain domain rise, but it can be increased the matching time and slow down the matching efficiency. Secondly, if the search space is too large, it will greatly increase the probability of falling into local extremism and erroneous localization while there are several similar sections of geomagnetic variation; sometimes it can't even fixed positioning. The MPMD matching uncertainty domain is determined by electronic tags in tunnel with RFID, as shown in Figure 7 . C1 is the electronic tags, and L distance is the reverse signal radiation length after C1 activation. U is geomagnetic matching extended edge, and W is the width of the tunnel. The area of the actually uncertain domain is S=W * (L+2U). The width is negligible when the width of tunnel is less than 3m. 
2) GRID VALUE
Grid quantization value is also called grid spacing (mesh distance), and its size indicates the resolution of geomagnetic map. First, the grid value should be suitable for the actual positioning accuracy index; the grid value should be smaller than the average positioning error of the matching result. For example, the location error of underground positioning is 1 meters, and the grid spacing of geomagnetic reference map must be less than 1 meters. In addition, the grid value should correspond to the geomagnetic variation in the area to be matched. The test results show that the geomagnetic localization accuracy will not be improved in the region with small geomagnetic variation even though the grid value is very small. Some regional geomagnetic fluctuations are very significant; it is meaningful to properly reduce the grid value which the magnetic variation of a grid can reach hundreds of NAT.
3) SAMPLING FREQUENCY
When the grid value of the geomagnetic reference map is constant, the sampling frequency is determined by the speed V of the underground personnel. Under the actual condition of underground, the walking speed of underground personnel will be affected by walking posture and walking environment. The walking environment generally divided into water to the knee, water to the waist, in the dark and in the familiarity or unfamiliarity tunnel. And the walking posture can be divided into crawl, bend down, walk and jog and more. The speed of the underground personnel is not more than 3 m/s. Assuming that the sampling time interval is t = 0.5s, speed of the underground personnel v=3 m/s, the distance traveled in a sampling period by underground personnel is d, d=v t=1.5m, So the actual sampling frequency is about 1.5m.
IV. EXPERIMENT A. GEOMAGNETIC DATA
Tunnel H-115, H-215 and H-117 were selected in this experiment which is about 150 meters long and 6 meters wide. All three test tunnels are practical training tunnels for emergency drilling. A portable FVM400 fluxgate magnetometer is used for geomagnetic survey. The main performance specifications of FVM400 fluxgate magnetometer are listed in table1.
The geomagnetic data of the magnetic total field and the three axis component are measured at a time of small magnetic disturbance, and the sampling grid value is 2 meters, which becomes the geomagnetic reference database after the gross error elimination, de-noising, interpolation. As shown VOLUME 7, 2019 in Figure 8 , it is the geomagnetic surface of tunnel H-115, H-215 and H-117 which is represented by measured data. It can be seen that geomagnetic data fluctuate spatial significantly in H-115 and H-117, but it is not obvious in H-215.
The suitability of geomagnetic positioning of tunnel H-115, H-215 and H-117 are evaluated by the standard deviation, roughness, kurtosis coefficient, autocorrelation and relative standard deviation in the Table 2 below. Comparing their indexes value, the maximum standard deviation of H-115 is 6502nT, roughness is 6824nT, and the correlation coefficient is 0.43, whereas the kurtosis coefficient value reaches to 3.40, it shows that geomagnetic values is changed obviously in space, more centralized in the H-115, Its suitability is good. The roughness of tunnel H-117 is 4241.1nT, kurtosis coefficient is smallest, which is 0.36, the value of correlation coefficient is as low as 0.58, the relative standard deviation is only 0.11, it shows that geomagnetic values is changed obviously in H-117 and. its suitability is best The autocorrelation coefficient of the tunnel H-215 is big reaching to 0.65, which shows that there are similar section, belongs to the fuzzy matching area and its suitability is poor.
B. THE METHOD OF THE EXPERIMENT
The matching accuracy of geomagnetic positioning is not only related to the suitability of matching tunnel, but also influenced by the matching length, the matching algorithm and the noise of the measurement and so on. Setting the matching length of the mine personnel is 3m/s, the sampling period is 1s, and threshold value of false fix is 5m to carry out the experiment of the performance of MPMD algorithm. Select matching probability, matching error and matching time to analysis the experimental results.
Test1: MSD, MAD and MPMD algorithms were used to match with the matching lengths of 0.5, 1, 1.5, 2, 2.5 and 3 units in tunnel H-115, H-215 and H-117, to comparison matching accuracy and convergence time, which to study the effect of the matching length for the performance of MPMD algorithm.
Test2: Referring to the noise index of FVM400 magnetometer, 50nT constant noise and 10 nT random noise are added to geomagnetic data and actual geomagnetic sequence respectively. MSD, MAD and MPMD algorithms were used to match in tunnel H-115, H-215 and H-117, which to analysis of the positioning accuracy of their matching results.
Test3: the matching experiment are carried out with MSD, MAD and MPMD algorithms in tunnel H-117 under low noise, to analysis the anti-noise performance of three algorithms. For testing the anti noise performance of MPMD, the experiment of adding noise of 200nT, 400nT and 600nT is carried out in H-215 tunnel.
V. RESULT AND ANALYSIS
A. MATCHING LENGTH
While using the same algorithm for geomagnetic matching, the error of matching results will be reduced with the increase of matching length, but increase computation load. Figure 9 shows that the effective matching length of MSD, MAD, and MPMD algorithms is different in tunnel H-115, H-215 and H-117. It can be seen that the accuracy of the matching results of the three algorithms are improved with the increase of the matching length. The error of the matching results can be controlled within 5m when the matching length is 3m.
Using the same matching length to match in the same area, the matching results of MSD, MAD, and MPMD algorithms are different. For example, while the matching length is set to be 2m, the matching result error of MSD, MAD, and MPMD algorithm in tunnel 115 is 5.2,7,1.2 m respectively.
Effective matching length refers to the matching length corresponding to threshold value of false fix. Table 3 is Lm of MSD, MAD and MPMD algorithm in H-115, H-215 and H-117 tunnels when the threshold of false fix is 5m. It can be viewed that the matching length is closely related to the suitability of the effective matching length the geomagnetic distribution. If the regional geomagnetic compatibility is good, the corresponding Lm value will be smaller. H-117 tunnels' suitability is best; its Lm is smallest only 0.95 for MPMD algorithm.
In addition, the matching length closely related to the performance of matching algorithm. If the performance of the algorithm is poor, it will be possible to increase effective matching length Lm and improve its matching accuracy. Table 4 is the value of the matching error of MSD, MAD and MPMD algorithm in H-115 tunnel with matching length 0.9∼3m. Comparing the matching result error of MSD, MAD and MPMD algorithm in the same tunnel, the Lm effective matching length of MPMD algorithm is the smallest. And the matching error of MPMD algorithm converges rapidly with the increase of matching length. The matching length is 0.9m, the MPMD matching error reached 6.3m, and the matching length is 1.5m, reached 2m, it shows that the MPMD algorithm performance is excellent, can quickly identify the spatial characteristics of the geomagnetic distribution in the matching process. be found in the Table 5 which is in the constant noise is 50nT and the random noise is 10nT. It can be viewed that matching probability of MSD and MAD algorithm can only reach 70%∼84% even in the H-117 tunnel which with good suitability because there is exist random noise. The matching performance of MPMD matching algorithm is very well; the matching probability of the MPMD algorithm can reach 95% in the H-115tunnel, H-117 tunnel and the H-215 tunnel. The matching error of MPMD is much smaller than that of MSD and MAD, the maximum matching error is also within 0.5m. The matching error keeps within a grid even in H215 tunnel with poor suitability of the geomagnetic distribution. The matching computation of MPMD algorithm is large and the matching time is about 2 times of MSD and MAD algorithms. Figure 10 shows the matching trace and real trace of geomagnetic positioning with MSD, MAD and MPMD algorithms in H-115, H-215 and H-117 tunnels under the constant noise of 50nT and the random noise of 10nT. It can be seen that there is no obvious deviation of their matching trace and real trace in H-117 tunnels because of the area with best suitability of the geomagnetic distribution. A number of false fix localizations appeared during the geomagnetic positioning with MSD, MAD algorithms in H-115 and H-215 tunnels. But the MPMD matching trace is consistent with the real trace in these tunnels and it can deal with the fuzzy matching value problem in the geomagnetic positioning processes.
C. ANTI-NOISE PERFORMANCE
The matching error curves of the geomagnetic positioning in H-117 tunnel with MSD, MAD and MPMD algorithms are shown in Figure 11 and Figure 12 , which matched outcome under the random noise of 30nT and the constant noise 200nT or 400nT. The ''matching times'' of the x-axis in the graph refers to the matching number of the matched point; the value of the Y axis refers to the matching error in geomagnetic positioning processes. The threshold value of false fix is 5m in this test. It can be seen that a large number of false fix localizations appeared on MSD and MAD matching because of the noise interference, the matching probability is lower than 40%, matching errors is very large, more than ten meters. While the MPMD matching only a small number mismatching,the total matching probability still reaches 90%, matching errors is small within 2m, the evaluation of the matching result are shown in Table 6 . It shows that the Anti-noise performance of MPMD algorithms is much better than MSD and MAD in low noise test condition.
How about the anti-noise ability of the MPMD algorithm? Tunnel H-215 with poor suitability of the geomagnetic distribution was selected in this test; the experimental data were added to the random noises of 30nT and the constant noises of 200nT, 400nT and 600nT, respectively, and then the geomagnetic localization experiment was conducted.
The threshold value of geomagnetic matching error is set to 5 meters in this test. When the value of matching error is greater than 5 meters, the matching result is considered to be false fix localizations. When the matching error is less than 5 meters, the matching result is considered to be of better accuracy. Figure 13 shows the matching error curves of the MPMD matching outcome, it can be seen that the number of false fix localizations is increased with the noise increase.
The total matching probability is over 90%, the matching accuracy is high, and the matching error is only 3.41m under the constant noise is 600nT, which is less than the set false fix localizations threshold. The values of the matching results are shown in Table 7 . Although there is certain deterioration in the performance of MPMD in the presence of noise, the matching effect is well enough, which can meet the accuracy requirements of underground positioning.
VI. CONCLUSION
A novel matching algorithm in geomagnetic which named as MPMD is put forward in this paper because of the spatial distribution of geomagnetism is complex and the tradition matching algorithms can't meet the accuracy requirements of underground geomagnetic positioning. It is based on Euclidean distance for Magnetic eigenvector product of the total geomagnetic filed and the component of geomagnetic. Then, carry out the experiment from matching length, matching accuracy and anti-noise performance. The matching probability, matching error and matching time are used as evaluation indexes to evaluate the performance of MSD, MAD and MPMD algorithms. It is found that the MPMD algorithm has the advantages of high accuracy and anti noise immunity, and is suitable for the complications of underground geomagnetic spatial distribution, which can meet the requirements of underground emergency refuge and navigation. However, matching process of MPMD algorithm is time-consuming, it can be further improved the search space and search strategy in later research.
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